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(57) Abstract: Process for obtaining a hydro fluoroalkanc which is purified of organic impurities, according to which the hydrofluo- 
roalkane containing organic impurities is subjected to at least one purification treatment chosen from: (a) a treatment with chlorine in 
the presence of a initiator, (b) a reaction with hydrogen fluoride, (c) a distillation in which the purified hydrofluoroalkane is removed 
from the top of the distillation column or from the side, (d) an extractive distillation, (e) an adsorption onto a solid adsorbent, (f) a 
reaction with a compound containing oxygen, and (g) a reaction with a compound containing oxygen and a gas-phase reaction with 
a reagent capable of reacting with at least some of the organic impurities, with the exception of a reaction with elemental chlorine. 



WO 02/12153 



PCT/EP01/10064 



Process for obtaining a purified hvdrofluoroalkane 

The present invention relates to a process for obtaining a purified 
hydrofluoroalkane chosen in particular from 1,1,1,3,3-pentafluoropropane and 
1 , 1 ,1 ,3 ,3-pentafluorobutane. 
5 Hydrofluoroalkanes such as 1,1,1,3,3-Pentafluoropropane and 1,1,1,3,3- 

pentafluorobutane may be used as replacements for (hydro)chlorofluoroalkanes, 
for example as blowing agents, as refrigerants or as solvents. 

These hydrofluoroalkanes are typically manufactured by reacting a chloro 
or chlorofluoro precursor with hydrogen fluoride. The crude hydrofluoroalkanes 
10 obtained in this reaction often contain impurities such as unconverted reagents, 
hydrogen chloride and olefinic impurities, in particular chlorofluoro olefins 
containing 3 or 4 carbon atoms. 

Patent application WO-A-00/14040 describes a process for purifying 
1,1,1,3,3-pentafluorobutane. According to this known process, it is possible to 
15 reduce the fluorotrichloroethylene content in 1,1,1,3,3-pentafluorobutane by ionic 
chlorination in the presence of FeCl 3 , by hydrogenation in the presence of Pd/Rh 
on active charcoal or, in particular, by reaction with fluorine. 

Patent application WO-A-97/37955 describes a process for purifying 
1,1,1,3,3-pentafluoropropane of l-chloro-3,3,3-trifluoropropene, in which a 
20 photochlorination initiated with UV light of wavelength from 300 to 400 nm is 
carried out. 

The Applicant has now found that hydrofluoroalkenes - that is to say 
olefins consisting solely of carbon, hydrogen and fluorine - are particularly 
difficult to remove when they are present as impurity in a hydrofluoroalkane, in 
25 particular those comprising from 3 to 5 carbon atoms, most particularly those 
corresponding to the empirical formula C4H4F4, present as impurity in particular 
in 1,1,1,3,3-pentafluorobutane. On account of the very low chemical reactivity 
observed, the removal by means of a chemical treatment of the 
hydrofluoroalkenes in hydrofluoroalkanes is liable to require prolonged treatment 
30 times that are undesirable in an industrial process for manufacturing 

hydrofluoroalkane. In an extreme case, it would not be possible to go below a 
certain hydrofluoroalkene content. 

None of the prior art documents addresses this specific problem. 
It was consequently desirable to have available a process for purifying 
35 . hydrofluoroalkane, in particular 1,1,1,3,3-pentafluoropropane or 1,1,1,3,3- 
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pentafluorobutane, which allows an effective reduction of the content of olefinic 
impurities and in particular of hydrofluoroalkenes while at the same time using 
technical means that are simple to implement. 

The invention consequently relates to a process for obtaining a 
5 hydrofluoroalkane comprising at least three carbon atoms, which is purified of 
organic impurities, according to which the hydrofluoroalkane containing organic 
impurities including (chloro)fluoro olefins is subjected to at least one purification 
treatment chosen from 

(a) a treatment with chlorine in the presence of an initiator 
10 (b) a reaction with hydrogen fluoride 

(c) a distillation in which the purified hydrofluoroalkane is removed from the 
top of the distillation column or from the side 

(d) an extractive distillation 

(e) an adsorption onto a solid adsorbent 

15 (f) a reaction with a compound containing oxygen, and 

(g) a gas-phase reaction with a reagent capable of reacting with at least some 
of the organic impurities, with the exception of a reaction with elemental chlorine. 

The process according to the invention applies in particular to 
hydrofluoroalkanes such as 1,1,1,3,3,3-hexafluoropropane (HFC-236fa), 

20 1,1,1,2,3,3,3-heptafluoropropane (HFC-227ea) and 1,1,1,2,3,4,4,5,5,5-deca- 

fluoropentane (HFC-43-10mee). Preferably, the hydrofluoroalkane comprises 3 or 
4 carbon atoms. The process has been found to be particularly effective for 
purifying 1,1,1,3,3-pentafluoropropane or 1,1, 1,3, 3 -pentafluorobutane, and most 
particularly the latter. 

25 It has been found surprisingly that the process according to the invention 

allows an effective reduction of the content of organic impurities in the 
hydrofluoroalkane. In particular, 1,1,1,3,3-pentafluorobutane and 1,1,1,3,3- 
pentafluoropropane have physical and chemical stability under the conditions of 
the process according to the invention. The process according to the invention 

30 may be carried out easily. 

The organic impurities whose content may be reduced by means of the 
process according to the invention generally comprise 3 or 4 carbon atoms. They 
may also comprise at least one chlorine atom, such as chlorodifluoropropanes and 
chlorofluorobutanes or -butenes. They are in particular (chloro)fluoro olefins 

35 containing 3 or 4 carbon atoms, such as monochlorotrifluorobutene isomers. 



2 



WO 02/12153 



PCT/EP01/10064 



The process according to the invention is particularly suitable for 
effectively removing hydrofluoroalkenes as described above. The process 
according to the invention, which may be carried out easily, allows an effective 
reduction of the content of olefinic impurities present in 1,1,1,3,3- 
5 pentafluoropropane or 1,1,1,3,3-pentafluorobutane. 

In a first aspect of the process according to the invention, the 
hydrofluoroalkane containing olefinic impurities, in particular hydrofluoroalkenes 
comprising from 3 to 5 carbon atoms, is subjected to a treatment with chlorine in 
the presence of an initiator. 
10 The treatment with chlorine serves to chlorinate the olefinic impurities in 

the hydrofluoroalkane containing olefinic impurities. These are notably 
(chloro)fluoro olefins containing 3 or 4 carbon atoms or, in particular, the 
hydrofluoroalkenes mentioned above. 

The initiator serves to decompose the chlorine molecules by cleavage. 
15 In a first variant of the first aspect of the process according to the invention, the 
the initiator is a free-radical initiator selected from an organic or inorganic 
initiator compound. 

To promote the mixing of the hydrofluoroalkane containing olefinic ■ 
impurities with the initiator compound, the first variant of the first aspect of the 
20 process according to the invention is preferably carried out in the liquid phase. 

According to the invention, the free-radical initiator is often an organic 
compound. Among the organic compounds that are usually used are peroxide or 
diazo compounds. Peroxide compounds are used in particular. Among these, the 
ones chosen more particularly are diacyl peroxides, peroxydicarbonates, alkyl 
25 peresters, peracetals, ketone peroxides, alkyl hydroperoxides and dialkyl 
peroxides. Diacyl peroxides or peroxydicarbonates are preferably selected. 
Excellent results have been obtained with dilauroyl peroxide, dibenzoyl peroxide 
or dicetyl peroxydicarbonate. 

The free-radical initiator may also be an inorganic compound. In this case, 
30 it is often chosen from hydrogen peroxide, percarbonates such as, in particular, 
sodium percarbonate, and perborates such as sodium perborate. 

The initiator compound is preferably selected from compounds with a 
half-life from 0.1 to 3 hours and usually of about 1 hour at the temperature of the 
treatment with chlorine. 
35 The initiator compound is generally used in a proportion of at least about 

10 ppm by weight relative to the hydrofluoroalkane containing olefinic impurities. 
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At least about 20 ppm by weight of initiator compound are used. Even more 
particularly at least about 30 ppm by weight in particular. Most frequently, not 
more than about 10 000 ppm by weight of initiator compound are used relative to 
the hydrofluoroalkane containing olefinic impurities. Preferably, the amount of 
5 organic initiator compound does not exceed about 1 000 ppm by weight and even 
more preferably it does not exceed about 300 ppm by weight. 

In the first variant of the first aspect of the process according to the 
invention, the chlorine may be used in the gas phase or in the liquid phase. It is 
introduced in excess amounts relative to all of the olefinic impurities to be 

10 chlorinated in the hydrofluoroalkane containing olefinic impurities. Generally, the 
chlorine is used in a proportion of more than 3 mol per mole of olefinic impurities 
and preferably at least about 4 mol per mole of olefinic impurities. Generally, it is 
not desirable to exceed about 40 mol of chlorine per mole of olefinic impurities. It 
is preferable to limit the amount used so that virtually all of the chlorine can react 

15 and is not found in unchanged form after the present purification treatment. 
Preferably, the amount does not exceed about 15 mol per mole of olefinic 
impurities and even more preferably this ratio does not exceed about 12. 

In the first variant of the first aspect of the process according to the 
invention, the treatment with chlorine may be carried out over a wide temperature 

20 range. In particular, the treatment with chlorine is carried out at a temperature of 
at least about 40°C and even more particularly of at least about 60°C. Higher 
temperatures allow a faster conversion of the unsaturated compounds. However, 
this results in a correlative increase in pressure, of which account needs to be 
taken. Preferably, the treatment temperature does not exceed about 150°C and 

25 even more preferably it does not exceed about 100°C. Excellent results have been 
obtained when the treatment with chlorine is carried out in the regions of 60 to 
100°C. 

In the first variant of the first aspect of the process according to the 
invention, the treatment with chlorine may be carried out at the autogenous 
30 pressure or a higher pressure generated, for example, by introducing an inert gas. 
In general, the treatment is carried out at a pressure which does not exceed about 
5 MPa and preferably 2 MPa. Pressures from about 0.2 to about 1.0 MPa are 
suitable for use. 

These correlated conditions of high temperature and high pressure which 
35 are allowed for the treatment with chlorine contribute towards the fast and 

effective removal of the olefinic impurities. In the first variant of the first aspect 
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of the process according to the invention, the duration of the treatment with 
chlorine may be from about 1 to about 120 minutes. Preferably, the duration of 
the treatment with chlorine is not more than about 60 minutes. 

According to an advantageous embodiment of the first variant of the first 
5 aspect of the process according to the invention, the initiator compound is 

introduced into the hydrofiuoroalkane containing olefinic impurities before the 
chlorine. In a preferred implementation variant of this embodiment of the 
invention, the chlorine is introduced into the hydrofiuoroalkane at a temperature 
close to the treatment temperature. In a particularly preferred implementation 
10 variant of this embodiment of the invention, the initiator compound is also 
introduced into the hydrofiuoroalkane at a temperature close to the treatment 
temperature. 

In a second variant of the first aspect of the process according to the 
invention, the initiator, which is a free-radical initiator, is an electromagnetic 

15 radiation comprising at least one fraction of wavelengths less than 280 nm. 

It has been found, surprisingly, that this variant of the first aspect of the 
process according to the invention is particularly effective for reducing to an 
. acceptable level the amount of the hydrofluoroalkenes which may be contained in 
a hydrofiuoroalkane, quickly and without substantial degradation of the 

20 hydrofiuoroalkane. This variant of the first aspect of the process according to the 
invention allows the chlorine to be used in the presence of a broader spectrum of 
wavelengths than in the known processes. This variant of the first aspect of the 
process according to the invention allows an accelerated purification operation, an 
efficient destruction of the chlorine-free impurities and an improved use of 

25 energy. L ,! 

This variant of the first aspect of the process according to the invention is 
particularly suitable for purifying 1,1,1,3,3-pentafluorobutane of hydrofluoro- 
alkenes. It is more particularly suitable for purifying 1,1,1,3,3-pentafluorobutane 
of hydrofluoroalkenes of empirical formula C4H4F4, in particular £ , -CF3-CH=CF- 

30 CH3, Z-CF3-CH=CF-CH3, £-CF3-CH=CH-CH2F, Z-CF3-CH=CH-CH2F, 

£-CF3-CH2-CH=CHF, Z-CH3-CH2-CH=CHF and/or CF3-CH2-CF=CH2. The 
process is particularly suitable for purifying 1,1,1,3,3-pentafluorobutane of one or 
more hydrofluoroalkenes chosen from£-CF3-CH=CF~CH3, Z-CF3-CH=CF-CH3 
and CF3-CH2~CF=CH2. \ 

35 It is understood that the first variant of the first aspect of the process 

according to the invention and any of the methods described below may also be 
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used to purify the hydrofluoroalkane, in particular 1,1,1,3,3-pentafluorobutane, of 
hydrofluoroalkenes as mentioned above. However, the second variant of the first 
aspect of the process according to the invention is, in the light of the advantages 
described above, most particularly preferred for purifying hydrofluoroalkanes of 
5 hydrofluoroalkenes. 

In the second variant of the first aspect of the process according to the 
invention, the energy of the fraction of wavelengths less than 280 nm is generally 
at least 5% of the total energy of the electromagnetic radiation. Preferably, the 
energy of the fraction of wavelengths less than 280 nm is at least 10% of the total 

10 energy of the electromagnetic radiation. An electromagnetic radiation in which 
100% of the energy is contained in the fraction of wavelengths less than 280 nm 
may even be used. 

The wavelengths in the fraction of wavelengths less than 280 nm are 
preferably essentially at least 170 nm. In a more particularly preferred manner, the 

15 wavelengths are essentially at least 180 nm. In one variant, the fraction of 

wavelengths comprises radiation of wavelength less than or equal to 270 nm, in 
particular 260 nm. 

Sources of electromagnetic radiation comprising a fraction of wavelengths 

less than 280 nm are, for example, ultraviolet (UV) burners such as, in particular, 
20 medium pressure or, preferably, low pressure, optionally doped, high power 

mercury vapour burners. Such burners are commercially available, for example 

from companies Hereaus or ABB. A monochromatic burner of suitable 

wavelength may also be used. 

The separation between the burner and the reaction medium in which the 
25 purification reaction is carried out is generally achieved with a translucent 

material which allows electromagnetic radiation of wavelength less than 280 nm 

to pass through. An example of such a material is quartz. 

The intensity of the electromagnetic radiation is generally at least 0.01 

W.h per kg of hydrofluoroalkane containing impurities, preferably at least 0.02 
30 W.h.kg" 1 or even at least 0.05 W.h.kg' 1 . The intensity of the electromagnetic 

radiation is generally not more than 5 W.h per kg of hydrofluoroalkane containing 

impurities and preferably not more than 3 W.h.kg' 1 or even not more than 

2 W.h.kg 1 . 

In the second variant of the first aspect of the process according to the 
35 invention, the chlorine may be used in the gas phase or in the liquid phase. It is 
preferably used in the liquid phase. 



6 



WO 02/12153 



PCT/EP01/10064 



The second variant of the first aspect of the process according to the 
invention may be carried out, for example, in a falling film photoreactor or in an 
immersed burner photoreactor. 

In a first embodiment of the second variant of the first aspect of the 
5 process according to the invention, the chlorine is introduced in stoichiometric or 
excess amounts relative to the entirety of the olefinic impurities to be chlorinated 
in the hydrofluoroalkane containing impurities. In this embodiment, the chlorine 
is used in an amount of greater than or equal to about 1 mol per mole of olefinic 
impurities. The amount of chlorine is, in this embodiment, generally less than or 

10 equal to about 10 mol of chlorine per mole of olefinic impurities. Preferably, the 
amount does not exceed about 5 mol of chlorine per mole of olefinic impurities 
and even more preferably this ratio does not exceed about 2. 

In a second embodiment of the second variant of the first aspect of the 
process according to the invention, the chlorine is introduced in amounts less than 

15 the entirety of the olefinic impurities to be chlorinated in the hydrofluoroalkane 
containing impurities. In this variant, the chlorine is preferably used in an amount 
of less than about 0.9 mol per mole of olefinic impurities. The amount of chlorine 
is, in this embodiment, generally greater than or equal to about 0.01 mol of 
chlorine per mole of olefinic impurities. Preferably, this amount is greater than or 

20 equal to about 0.1 mol of chlorine per mole of olefinic impurities. An amount of 
greater than or equal to about 0.5 mol of chlorine per mole of olefinic impurities 
is most particularly preferred. 

In the second variant of the first aspect of the process according to the 
invention, the treatment with chlorine is generally carried out at a temperature of 

25 greater than or equal to -20°C. The temperature is often greater than or equal to 
0°C. Preferably, the temperature is greater than or equal to about 10°C. In this 
variant, the treatment with chlorine is generally carried out at a temperature of 
less than or equal to 150°C. The temperature is often less than or equal to 100°C. 
Preferably, the temperature is less than or equal to about 60°C. 

30 In the second variant of the first aspect of the process according to the 

invention, the pressure at which the treatment with chlorine is carried out is 
generally greater than or equal to about 1 bar. The pressure at which the treatment 
with chlorine is carried out is generally less than or equal to about 10 bar. 
Preferably, the pressure is less than or equal to about 5 bar. 

35 In the second variant of the first aspect of the process according to the 

invention, the duration of the treatment with chlorine is generally greater than or 
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equal to 5 min. The duration of the treatment with chlorine is often greater than or 
equal to 10 min. Preferably, the duration of the treatment with chlorine is greater 
than or equal to 15 min. In the second variant of the first aspect of the process 
according to the invention, the duration of the treatment with chlorine is generally 
5 less than or equal to 10 h. The duration of the treatment with chlorine is often less 
than or equal to 5 h. Preferably, the duration of the treatment with chlorine is less 
than or equal to about 3 h. In a particularly preferred manner, it does not exceed 2 
h. 

In a third variant of the first aspect of the invention the initiator is a low 

10 amount of metal ion. The third variant is carried out preferably in the substantial 
absence of free-radical initiators. In particular it is preferably carried out in the 
substantial absence of electromagnetic radiation having a wavelength from 170 
nm to 400 nm (UV-light). According to this variant, efficient elimination of 
hydrofluoroalkenes such as mentioned above may be achieved, without 

15 substantial degradation of the desired hydrofluoroalkane. In this variant, no 
specific separation operation is required to separate the iniator from the 
hydrofluoroalkane. Alternatively, the initiator is separated easily by an optional 
distillation ! I 

The metal ion is preferably a lewis acid. It is preferably selected from ions 

20 of group IHa, IVa and b, Va and b, VIb and VIE metals of the Periodic Table of 
Elements (IUPAC 1970). In a particularly suitable manner, it is selected from ions 
of iron, nickel, aluminium, boron, titanium, chromium, zirconium, tantalum, tin or 
antimony. Iron ions are particularly preferred. 

The amount of metal ion present in the treatment with chlorine is generally 

25 at most 1000 ppm by weight relative to the hydrofluoroalkane containing organic 
impurities. The amount of metal ion is more frequently at most 100 ppm. The 
amount is preferably at most 50 ppm. An amount of metal ions of at most 30 ppm 
is particularly preferred. The amount of metal ion present in the treatment with 
chlorine is generally at least 0,01 ppm by weight relative to the hydrofluoroalkane 

30 containing organic impurities. The amount of metal ion is more frequently at least 
0,1 ppm. The amount is preferably at least 0,5 ppm. 

The metal ion can be introduced into the reaction medium for example by addition 
of a suitable metal compound. In a particular embodiment, the treatment with 
chlorine is carried out in a reactor made of a material containing a suitable metal 
35 as described above, under conditions sufficient to release at least a trace amount 
of metal ion. 

8 



WO 02/12153 



PCT/EP01/10064 



In the third variant of the first aspect of the process according to the 
invention, the treatment with chlorine is generally carried out at a temperature of 
greater than or equal to 0°C. The temperature is often greater than or equal to 
20°C. Preferably, the temperature is greater than or equal to about 40°C. In this 
5 variant, the treatment with chlorine is generally carried out at a temperature of 
less than or equal to 200°C. The temperature is often less than or equal to 150°C. 
Preferably, the temperature is less than or equal to about 100°C. 

In the third variant of the first aspect of the process according to the 
invention, the duration of the treatment with chlorine is generally greater than or 
10 equal to 1 h. The duration of the treatment with chlorine is often greater than or 
equal to 3 h. In the third variant of the first aspect of the process according to the 
invention, the duration of the treatment with chlorine is generally less than or 
equal to 20 h. Preferably, the duration of the treatment with chlorine is less than or 
equal to about 10 h. 

15 The suitable pressures in the third variant of the first aspect of the process 

according to the invention, are the same as in the second variant of the first aspect 
of the process according to the invention. 

In the third variant of the first aspect of the process according to the 
invention, the hydrofluoroalkane is suitably selected from the group consisting of 

20 1,1,1,2,3,3,3-heptafluoropropane, 1,1,1,3,3,3-hexafluoropropane, 1,1,1,3,3- 
pentafluoropropane and 1,1,1,3,3-pentafluorobutane. It is preferably selected 
from 1,1,1,3,3-pentafluoropropane and 1,1,1,3,3-pentafluorobutane. Most 
preferably, the hydrofluoroalkane is 1,1,1,3,3-pentafluorobutane. 

In another embodiment, the third variant of the first aspect of the process 

25 according to the invention can also advantageously be used for the chlorination of 
bulk chloro(fluoro) olefins such as described above or of fractions comprising a 
high amount of such chloro(fluoro) olefins. 

The first aspect of the process according to the invention may be carried 
out in batchwise, semi-continuous or continuous mode. A continuous mode is 

30 preferred. 

In the first aspect of the process according to the invention, the 
chlorination reactor and the distillation apparatus are preferably made of 
corrosion-resistant materials such as, in particular, alloys of the type such as 
MONEL, INCONEL or HASTELLO Y. 
35 In the first aspect of the process according to the invention, care is 

advantageously taken to ensure that the oxygen content in the chlorine is less than 
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1000 ppm by volume and preferably that it does not exceed 50 ppm by volume. 
To do this, the hydrofluoroalkane containing olefinic impurities may first be 
deaerated by sparging with an inert gas, for example nitrogen. 

In the first aspect of the process according to the invention, the treatment 
5 with chlorine is generally followed by a separation operation whose function is to 
separate the impurities from the hydrofluoroalkane, after they have been 
chlorinated. The separation operation is preferably a distillation. 

The first aspect of the process according to the invention applies in a most 
particularly preferred manner to the production of purified 1,1,1,3,3- 
10 pentafluorobutane. 

In a second aspect of the process according to the invention, the 
hydrofluoroalkane containing organic impurities is subjected to a reaction with 
hydrogen fluoride. 

The second aspect makes it possible in particular to effectively reduce the 
15 content of organic impurities present in the hydrofluoroalkane by using hydrogen 
fluoride. The latter compound is among reagents used in a synthesis of a 
hydrofluoroalkane by hydrofluorination. The products of the conversion are 
saturated (hydro)fluoroalkanes which are toxicologically and environmentally 
more acceptable than olefinic or chlorofluoro organic impurities. In addition, for 
20 certain organic impurities, the reaction with hydrogen fluoride will lead to the 
formation of the desired hydrofluoroalkane, namely, in particular, 1,1,1,3,3- 
pentafluoropropane or 1,1,1,3,3-pentafluorobutane. The second aspect of the 
process according to the invention may be carried out readily by using technical 
means developed for reactions for the synthesis of hydrofluoroalkanes by 
25 hydrofluorination. ! j 

The organic impurities whose content may be reduced in particular in the 
second aspect of the process according to the invention comprise at least one 
chlorine atom, such as chlorodifluoropropanes and chlorofluorobutanes or - 
butenes. They are in particular (chloro)fluoro olefins containing 3 or 4 carbon 
30 atoms, such as monochlorotrifluorobutene isomers. 

The second aspect of the process according to the invention is also 
particularly useful for the elimination of the hydro fluoroalkenes mentioned above. 

In the second aspect of the process according to the invention, the reaction 
of the hydrofluoroalkane with hydrogen fluoride is preferably carried out in the 
35 presence of a fluorination catalyst. It may also be carried out in the absence of 
catalyst. 
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When the reaction of the hydrofluoroalkane with hydrogen fluoride is 
carried out in the presence of a catalyst, catalysts which can promote the addition 
of HF to an olefin and/or the replacement of a chlorine atom with a fluorine atom 
may be used. Among the catalysts which may be used, mention may be made of 
5 derivatives of metals chosen from the metals from groups Hla, IVa and b, Va and 
b and VIb of the Periodic Table of the Elements (IUPAC, 1970) and mixtures 
thereof. Titanium, tantalum, molybdenum, boron, tin and antimony derivatives are 
more especially selected. Preferably, titanium or tin derivatives are used. Metal 
derivatives which may be mentioned are salts and more particularly halides. 

10 Preferably, the choice is made from chlorides, fluorides and chlorofluorides. 
Catalysts that are particularly preferred in the process for preparing the 
hydrofluoroalkane according to the invention are the chlorides, fluorides and 
chlorofluorides of titanium and of tin and mixtures thereof. Titanium tetrachloride 
and tin tetrachloride are particularly suitable for use. 

15 In the second aspect of the process according to the invention, the molar 

ratio between the hydrogen fluoride and the organic impurities present in the 
hydrofluoroalkane is generally at least 1 mol/mol. Preferably, the process is 
performed with a molar ratio of at least 1.5 mol/mol. The molar ratio between the 
hydrogen fluoride and the organic compound used generally does not exceed 1000 

20 mol/mol. It is preferable for this molar ratio not to exceed 10 mol/mol. In the 

second aspect of the process according to the invention, a molar ratio between the 
hydrogen fluoride and the olefinic impurities of not more than 3 is often 
maintained. 

The second aspect of the process according to the invention may be 
25 carried out in batch wise or continuous mode. 1 ' 

When the second aspect of the process according to the invention is 
carried out in batchwise mode, the duration of the reaction of the 
hydrofluoroalkane containing organic impurities with hydrogen fluoride generally 
ranges from 10 min to 5 h. Preferably, this duration is at least 0.5 h. 
30 Advantageously, this duration is at least 1 h. In general, this duration does not 
exceed 4 h. Preferably, this duration does not exceed 2.5 h. 

When the second aspect of the process according to the invention is 
carried out in continuous mode, the residence time of the reagents in the reactor is 
generally at least 0.5 h. Usually it does not exceed 30 h. Typically it ranges from 5 
35 to 25 h. Preferably, it ranges from 10 to 20 h. The expression "residence time of 
the reagents in the reactor" is intended to denote the ratio between the volume of 
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the reaction medium and the flow rate by volume of the reaction medium at the 
reactor outlet. 

In a first variant, which is preferred, the reaction of the hydrofluoroalkane 
containing organic impurities with hydrogen fluoride in the second aspect of the 
5 process according to the invention is carried out in the liquid phase. In this 

variant, the temperature at which the reaction of the hydrofluoroalkane containing 
organic impurities with hydrogen fluoride is carried out is generally at least 60°C. 
Preferably, the temperature is at least 80°C. In general, the temperature does not 
exceed 160°C. Preferably, it does not exceed 140°C. 
10 In this variant, the pressure is chosen so as to keep the reaction medium in 

liquid form. The pressure used varies as a function of the temperature of the 
reaction medium. It is generally less than or equal to 40 bar. Preferably, it is less 
than or equal to 35 bar. In a particularly advantageous manner, the pressure is less 
than or equal to 25 bar. In general, the pressure is greater than or equal to 5 bar. 
15 Preferably, the pressure is greater than or equal to 10 bar. 

In a second variant, the second aspect of the process according to the 
invention is carried out in the gas phase. This variant is particularly suitable for 
purifying 1,1,1,3,3-pentafluoropropane and 1,1,1,3,3-pentafluorobutane. 
Specifically, 1,1,1,3,3-pentafluoropropane and 1,1,1,3,3- 
20 pentafluorobutane, and in particular 1,1,1,3,3-pentafluorobutane, show surprising 
thermal stability, which allows them to be purified in the gas phase. 

In this second variant, a fluorination catalyst based on a metal oxide 
chosen from chromium oxide, zirconium oxide and aluminium oxide, and 
mixtures thereof, is often used. Often, the metal oxide has a specific surface area 
25 determined according to the BET method of at least 100 m 2 /g and preferably of at 
least 150 m 2 /g. Generally, this specific surface area is not more than 400 m 2 /g. 
The metal oxide is preferably amorphous. 

In this second variant, the temperature of the reaction with hydrogen 
fluoride is generally at least 50°C. Preferably, the temperature is at least 100°C. 
30 Generally, the temperature is not more than 400°C. Preferably, the temperature is 
not more than 300°C. 

The second aspect of the process according to the invention finds an 
advantageous application to the purification of a hydrofluoroalkane obtained by 
synthesis by hydrofluorination, in particular by hydrofluorination of a 
35 chloro(fiuoro)carbon. In the latter case, it may be advantageous to reduce the 
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hydrogen chloride content of the hydrofluoroalkane containing organic impurities 
prior to its use in the second aspect of the process according to the invention. 

The second aspect of the process according to the invention often 
comprises at least one subsequent treatment step intended to recover the 
5 hydrofluoroalkane. Examples of treatment steps which may be used are, inter alia, 
treatments which may be used to separate the residual hydrogen fluoride from the 
hydrofluoroalkane, such as, for example, adsorption onto a solid, for instance NaF 
or alumina, washing with water, an extraction operation, a separation by means of 
a suitable membrane, an extractive distillation or a distillation. 

10 In a third aspect of the invention, the hydrofluoroalkane containing 

organic impurities is subjected to a distillation and the purified hydrofluoroalkane 
is removed from the top of the distillation column or from the side. 

It has been found, surprisingly, that organic impurities present in the 
hydrofluoroalkane, in particular (hydro)(chloro)fluorocarbons comprising 3 or 4 

15 carbon atoms, do not have a tendency to form an azeotrope with the 

hydrofluoroalkane and can thus be separated by means of the third aspect of the 
process according to the invention. The third aspect of the process according to 
the invention may be carried out easily. 

The organic impurities whose content may be reduced by the third aspect 

20 of the process according to the invention generally comprise 3 or 4 carbon atoms. 
They are in particular hydrochlorofluoroalkanes and (chloro)fluoro olefins 
containing 3 or 4 carbon atoms, such as monochlorotrifluorobutene isomers. The 
third aspect of the process according to the invention is also particularly useful for 
the elimination of the hydrofluoroalkenes mentioned.above. 

25 The distillation pressure is generally less than' 10 bar absolute. It is usually 

not more than 5 bar. Preferably, it is not more than 3 bar. Generally, the 
distillation pressure is at least 0.5 bar. It is usually at least 1 bar. Preferably, it is at 
least 1.5 bar. 

In the present description of the third aspect of the process according to 
30 the invention, any reference to the pressure corresponds to the absolute pressure 
measured at the top of the distillation column. 

The temperature at which the distillation is carried out corresponds 
approximately to the boiling point of the hydrofluoroalkane at the chosen 
pressure. 
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When the hydrofluoroalkane is 1,1,1,3,3-pentafluorobutane, good results 
are obtained at a pressure of about 1.5 to 3 bar and a temperature of about 50 to 
70°C. 1 1 

The distillation may be carried out in one or more distillation columns. 
5 Preferably, only one column will be used. 

The distillation columns which may be used are known per se. It is 
possible to use, for example, conventional plate columns or "dual-flow" plate 
columns or columns with bulk or structured packing. 

The number of theoretical plates in the distillation is generally at least 10. 
10 It is usually at least 15. A number of at least 20 gives good results. 

The feed of hydrofluoroalkane containing organic impurities in the third 
aspect of the process according to the invention is generally carried out at a level 
below 50% of the number of theoretical plates of the column, it being understood 
that the top of the column corresponds to 100% of the number of theoretical 
15 plates. This level is usually not more than 45% of the number of theoretical plates 
of the column. Generally, the feed is carried out at a level of at least 5% of the 
number of theoretical plates of the column. This level is usually at least 10% of, 
the number of theoretical plates of the column. 

If a side removal is carried out, it is generally carried out at the level 
20 which corresponds to at least 50% of the number of theoretical plates of the 
* distillation. The side removal is generally carried out at the level which 
corresponds to not more than 80% of the number of theoretical plates of the 
distillation. 

In the third aspect of the process according tq the invention, the purified 
25 hydrofluoroalkane is generally removed in an amount of at least 50% of the feed. 
The amount is usually at least 70% of the feed. The amount is preferably at least 
80% of the feed. Generally, the purified hydrofluoroalkane is removed in an 
amount of not more than 99% of the feed. The amount is usually not more than 
97% of the feed. The amount is preferably not more than 95% of the feed. 
30 The degree of molar reflux in the distillation is generally not more than 20. 

This degree is usually not more than 10. A degree of reflux of not more than 7 has 
given good results. 

In a fourth aspect of the process according to the invention, the 
purification treatment is an extractive distillation. The extractive distillation is 
35 carried out in the presence of at least one extractant which is generally chosen 
from (hydro)chlorocarbons, (hydro)fluorocarbons, hydrochlorofluorocarbons, 
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hydrocarbons, ketones, alcohols, ethers, esters, nitriles, hydrogen chloride and 
carbon dioxide. 

Hydrofluorocarbons which may be used as extractants comprise typically 
from 1 to 6 carbon atoms, preferably from 1 to 4 carbon atoms. Preferred specific 
5 hydrofluorocarbon extractants are hydrofluoroalkane extractants chosen, for 
example, from difluoromethane, 1,1,1 ,2-tetrafluoroethane, 1,1,1 -trifluoroethane, 
pentafluoroethane, 1,1,1 ,2,3 ,3 ,3 -heptafluoropropane 1,1,1 ,3 ,3 -pentafluoropropane 
and 1,1,1,3,3-pentafluorobutane. It is understood that the hydrofluorocarbon 
extractant in the fourth aspect of the process according to the invention is, in 
10 general, different from the hydrofluoroalkane containing organic impurities. 

Other extractants which may be used are chosen, for example, from 
dichloromethane, perchloroethylene, n-pentane, n-hexane, methanol, ethanol, 
isopropanol, diethyl ether, acetone, 2-butanone, ethyl acetate and acetonitrile. 
In another embodiment, the extractant is chosen from chlorinated 
15 precursors suitable for a synthesis of the hydrofluoroalkane by hydrofluorination 
or from chloro(fluoro) intermediates obtainable by hydrofluorination of a said 
chlorinated precursor, such as chlorofluoropropanes and chlorofluorobutanes. 

Preferably, the extractant is chosen from 1,1,1,3,3-pentachlorobutane, 1,1- 
dichloro- 1 ,3,3 -trifluorobutane, 1 ,3-dichloro- 1 , 1 ,3 -trifluorobutane, 3 ,3 -dichloro- 
20 1,1,1 -trifluorobutane, l-chloro-l,3,3,3-tetrafluorobutane and 3-chloro-l, 1,3,3- 
tetrafluorobutane or a mixture of these extractants. 

The distillation is generally carried out at a pressure and a temperature 
which makes it possible essentially to avoid, where appropriate, the formation of 
azeotropes between the extractant and the hydrofluoroalkane. 
25 The distillation may be performed in one or'more distillation columns. 

Preferably, only one column will be used. 

The distillation columns which may be used in the fourth aspect of the 
process according to the invention are known per se. It is possible to use, for 
example, conventional plate columns or "dual-flow" plate columns or columns 
3 0 with bulk or structured packing. 

In a fifth aspect of the process according to the invention, the purification 
treatment is an adsorption onto a solid adsorbent. The solid adsorbent may be 
chosen, for example, from aluminas, silicas, iron oxide compounds, zeolites and 
active charcoals. Such adsorbents are commercially available. The adsorbent is 
35 optionally activated prior to its use in the adsorption treatment. A heat treatment 
or a treatment intended to increase the Lewis acidity of the solid adsorbent is 
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suitable. The preferred solid adsorbents are those which have undergone a 
treatment intended to increase their Lewis acidity, for example a washing with 
hydrochloric acid or with nitric acid. 

The contact between the hydrofluoroalkane containing organic impurities 
5 and the solid adsorbent may be carried out according to various techniques. The 
process may be performed in a fluidized bed, but it is generally preferred to place 
the solid adsorbent in the form of a fixed bed of particles, through which is passed 
a flow of the hydrofluoroalkane containing organic impurities. This flow may be 
liquid or gaseous. In one variant, the adsorption is carried out in the gas phase. 

10 When the fifth aspect of the process is carried out in the gas phase, a 

contact time between the hydrofluoroalkane containing organic impurities and the 
solid adsorbent of at least 1 s is carried out. Preferably, the process is performed 
with a contact time of greater than 2 s. Good results have been obtained with a 
contact time of greater than or equal to 3 s. In principle, the process may be 

15 performed with a very long contact time, for example of several minutes. In 
practice, for reasons of efficiency, the process is generally performed with a 
contact time of less than 1 minute and preferably less than or equal to about 30 s. 

When the fifth aspect of the process is carried out in the liquid phase, a 
contact time between the hydrofluoroalkane containing organic impurities and the 

20 solid adsorbent of at least about 2 minutes is carried out. Preferably, the process is 
performed with a contact time of greater than about 5 minutes. 

In principle, the process may be performed with a very long contact time, 
for example of 120 minutes. In practice, the process is generally performed with a 
contact time of less than 60 minutes and preferably less than or equal to about 30 

25 minutes. 

When the fifth aspect of the process is carried out in a fixed bed, the 
contact time is defined as the ratio of the volume of the bed of adsorbent to the 
flow rate by volume of the stream of hydrofluoroalkane containing organic 
impurities. When the fifth aspect of the process is carried out in a fluidized bed, 

30 the contact time is defined as the ratio of the volume of the tank containing the 
solid adsorbent to the flow rate by volume of the stream of hydrofluoroalkane 
containing organic impurities. 

The solid adsorbent is used in the form of a powder of particles whose 
optimum particle size depends on the conditions under which the process is 

35 carried out. In general, a solid adsorbent whose particle diameter ranges from 
about 0.1 mm to 10 mm is selected. The process is preferably performed with 
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particles with a diameter of less than or equal to 7 mm. In a particularly preferred 
manner, particles with a diameter of less than or equal to 5 mm are used. 
Moreover, it is preferred to use a solid adsorbent whose particles have a diameter 
of greater than or equal to 0.5 mm. The process is preferably performed with 
5 particles with a diameter of greater than or equal to 1 mm. In a particularly 

preferred manner, particles with a diameter of greater than or equal to 2 mm are ! 
used. 

After the process, the solid adsorbent may be regenerated by heating at 
moderate temperature, for example 100 to 250°C, under a stream of gas, for 
10 example under nitrogen, or under reduced pressure. The solid adsorbent may also 
be regenerated by a treatment with oxygen. 

In a sixth aspect of the process according to the invention, the purification 
treatment is a reaction with a compound containing oxygen. It has been found that 
reagents containing oxygen react preferentially with the organic impurities present 
15 in the hydrofluoroalkane, in particular in 1 , 1 , 1 ,3 ,3-pentafluorobutane and 

essentially without degrading the hydrofluoroalkane, in particular 1,1,1,3,3-penta- 

r 

fluorobutane. The compound containing oxygen may be, for example, an 1 
oxygenated gas, an oxygenated acid, an organic or inorganic peroxide, a peroxide 
salt or a peracid. Specific examples of such compounds are chosen from oxygen, 

20 ozone, hydrogen peroxide, peracetic acid, potassium permanganate, sulphuric acid 
and sulphur trioxide. 

In another embodiment of the sixth aspect of the process according to the 
invention, the reaction is carried out in the presence of a base and the compound 
containing oxygen is an alcohol. The base may be, for example, an alkali metal 

25 hydroxide such as sodium hydroxide or potassium hydroxide. The alcohol may be 
chosen, for example, from methanol, ethanol and isopropanol. 

The reaction with the compound containing oxygen may be carried out in 
the presence or in the absence of an oxygenation catalyst. Oxygenation catalysts 
which may be used may be chosen, for example, from compounds and in 

30 particular from complexes containing platinum, manganese or titanium. 

The reaction with the compound containing oxygen may be carried out in 
the gas phase or in the liquid phase. It is preferably carried out in the liquid phase. 
In this case, the reaction temperature is generally not more than 150°C..The 
temperature is more frequently not more than 120°C. Preferably, the temperature 

35 " is not more than 100°C. The reaction temperature is generally at least -20° C. The 
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temperature is more frequently at least 0°C. Preferably, the temperature is at least 
20°C. 

The reaction pressure is generally from 1 to 10 bar. 
In a seventh aspect of the process according to the invention, the 
5 purification treatment is a reaction in the gas phase with a reagent capable of 
reacting with at least some of the organic impurities, with the exception of a 
reaction with elemental chlorine. 

In the seventh aspect of the process according to the invention, the reagent 
may in principle be any reagent capable of reacting in the gas phase with at least 
10 some of the organic impurities present in the hydrofluoroalkane and in particular 
with the olefinic impurities. The reagent is advantageously chosen from hydrogen 
chloride, hydrogen, hydrogen fluoride, oxygen and ozone. 

In a typical example, the reaction is a catalytic hydrogenation. 
It has been found, surprisingly, that catalytic hydrogenation makes it 
15 possible to reduce the content of any impurity in particular in 1,1,1,3,3-penta- 
fluorobutane to a level close to, even less than, 5 mg/kg, while at the same time 
avoiding degradation of the hydrofluoroalkane, in particular of 1,1, 1,3,3 - 
pentafluorobutane. 

Catalysts which may be used in the catalytic hydrogenation reaction in the 
20 gas phase according to the invention are, for example, catalysts containing a metal 
from group VIII of the Periodic Table of Elements (IUPAC, 1970) or a mixture of 
several metals, preferably supported on a support such as active charcoal, a 
fluorinated alumina or aluminium trifluoride. Specific examples of metals from 
group VIII are platinum, palladium and rhodium. Among these catalysts, a 
25 catalyst comprising palladium is preferred. 1 

The metal content in the supported catalysts which may be used is 
generally at least 0.001% by weight. This content is usually at least 0.1% by 
weight. The metal content in the supported catalysts is generally not more than 
20% by weight. This content is frequently not more than 10% by weight. A 
30 catalyst which is resistant with respect to the products which may be present 

during the catalytic hydrogenation, in particular hydrogen fluoride, is preferably 
chosen. Good results are obtained, for example, with a catalyst comprising 
palladium supported on active charcoal. 

The molar ratio between the reagent and the organic impurities present in 
35 the hydrofluoroalkane is generally at least 1 mol/mol. Preferably, the process is 
performed with a molar ratio of at least 1 .5 mol/mol. The molar ratio between the 



18 



WO 02/12153 



PCT/EP01/10064 



reagent and the organic impurities generally does not exceed 1000 mol/mol. It is 
preferable for this molar ratio not to exceed 10 mol/mol. In the seventh aspect of 
the process according to the invention, a molar ratio between the reagent and the 
olefinic impurities of not more than 3 is frequently maintained. However, when 
5 the reagent is hydrogen, good results are also obtained when a molar ratio 

between the hydrogen and the olefinic impurities of greater than or equal to 5 is 
maintained. The molar ratio between the hydrogen and the olefinic impurities is 
advantageously less than or equal to 20. Preferably, this ratio is less than or equal 
to 10. 

10 The temperature of the gas-phase reaction is generally at least 50°C. This 

temperature is usually at least 70°C. Preferably, this temperature is greater than or 
equal to 100°C. Generally, the temperature of the gas-phase reaction is not more 
than 400°C. Preferably, this temperature is not more than 300°C. In a particularly 
preferred manner, this temperature is not more than 250°C. Even more preferably, 

15 this temperature is not more than 150°C. 

In the seventh aspect of the process according to the invention, it is often 
necessary to carry out an operation intended to place the hydrofluoroalkane 
containing the organic impurities into the gaseous form. This operation may 
comprise, for example, an evaporation. In one preferred variant, the operation 

20 comprises the removal, in the gaseous form, of a distillation fraction comprising 
hydrofluoroalkane and organic impurities, for the purpose of purifying it in the 
gas phase. The distillation fraction may be obtained by one or more distillations of 
crude hydrofluoroalkane comprising, in addition to organic impurities, possibly 
reagents arising as by-products or intermediates of the synthesis of the hydro- 

25 fluoroalkane. The crude hydrofluoroalkane may in particular comprise hydrogen 
fluoride and/or hydrogen chloride, in particular when the hydrofluoroalkane is 
obtained by hydrofluorination. The hydrogen fluoride and/or hydrogen chloride 
content in the crude hydrofluoroalkane may be reduced by distillation, such that 
the distillation fraction has a low hydrogen fluoride and/or hydrogen chloride 

30 content. 

This reduction of the hydrogen fluoride and/or hydrogen chloride content 
is particularly advantageous when a catalytic hydrogenation as described above is 
carried out. In this case, hydrofluoroalkane containing organic impurities and 
having an acidity of not more than 1000 mmol/kg is generally used in the 
35 purification treatment. Preferably, the acidity is not more than 100 mmol/kg. 
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Good results are obtained with hydrofluoroalkane containing organic impurities 
that are essentially free of hydrogen fluoride and/or hydrogen chloride. 

In the operation intended to place the hydrofluoroalkane containing the 
organic impurities into the gaseous form, care is generally taken to ensure that the 

5 temperature of the hydrofluoroalkane does not exceed the temperature of the gas- 

r/i 

phase purification treatment. 

In the seventh aspect of the process according to the invention, the gas- 
phase purification reaction may be advantageously followed by one or more 
treatments intended to separate the hydrofluoroalkane from the products of 

10 reaction between the organic impurities and the reagent. A distillation is suitable 
as a treatment, in particular when the reagent is hydrogen. 

In the process according to the invention, the purification treatment may 
be followed by one or more finishing steps intended, for example, to remove any 
residual acidity, in particular traces of hydrogen fluoride. A suitable finishing step. 

15 for this purpose is, for example, an adsorption onto a solid such as alumina, NaF 
or silica. 

Other treatments which may be used are, for example, a washing with 
water, an extraction operation or a separation by means of a suitable membrane. 
The process according to the invention applies to the purification of a 

20 hydrofluoroalkane containing olefinic impurities, prepared by any synthetic 
process, without a pretreatment being required. The process according to the 
invention also applies to the purification of a hydrofluoroalkane containing 
organic impurities, which consists essentially of hydrofluoroalkane and organic 
impurities. Typically, the hydrofluoroalkane to be purified contains not more than 

25 10% by weight of organic impurities. This content of impurities may be not more 
than 5% by weight. It may even be not more than 1% by weight. The process 
according to the invention may even be applied to a hydrofluoroalkane containing 
not more than 0.1% by weight of organic impurities. 

The process according to the invention finds an advantageous application 

30 in the purification of a hydrofluoroalkane obtained by hydrofluorination, in 
particular by hydrofluorination of a hydrochloro(fluoro)carbon. 
It should be understood that the different aspects of the invention can be 
combined with each other or with other purification treatments in order to 
optimise the benefits achieved by the process according to the invention. In a 

35 particular embodiment, the process according to the invention comprises 2, 3 or 4 
purification steps for removing organic impurities, including at least one 
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purification treatment according to the invention. In particular the combinations 
allow for effective reduction of chloro(fluoro) olefin content with very low losses 
of desired hydrofluoroalcane. 

In the following paragraph describing combinations of purification treatments, the 
5 following abbreviations are used: 

(al) a treatment with chlorine according to the first variant of the first aspect of 
the process according to the invention; 

(a2) a treatment with chlorine according to the second variant of the first aspect of 
the process according to the invention; 
10 (a3) a treatment with chlorine according to the third variant of the first aspect of 
the process according to the invention; 

(b) a reaction with hydrogen fluoride according to the second aspect of the 
process according to the invention; 

(c) a distillation according to the third aspect of the process according to the 
15 invention; 

(d) an extractive distillation according to the fourth aspect of the process 
according to the invention; , 

(e) an adsorption onto a solid adsorbent according to the fifth aspect of the 
process according to the invention; 

20 (f) a reaction with a compound containing oxygen according to the sixth aspect of 
the process according to the invention; 

(g) a gas-phase reaction according to the seventh aspect of the process according 
to the invention; 

(h) a photochlorination using exclusively UV light of a wavelength > 280 nm 
25 (i) a photolysis in the absence of chlorine ! - 

(j) a reaction with fluorine 

Suitable consecutive combinations include, amongst others , ("+" meaning 
"followed by") 

(a3) +(al), (a3) + (a2), (a3) + (c), (a3) + (e), (a3) + (h), (b) +(al), (b) + (a2), (b) + 
30 (c), (b) + (e), (b) + (h), (c) +(al), (c) + (a2), (c) + (c), (c) + (e), (c) + (h), (d) +(al), 
(d) + (a2), (d) + (c), (d) + (e), (d) + (h), (f) +(al), (f) + (a2), (f) + (c), (f) + (e), (f) 
+ (h), (g) +(al), (g) + (a2), (g) + (c), (g) + (e), (g) + (h), (i) +(al), (i) + (a2), (i) + 
(c), (i) + (e), (j) +(al), 0) + (a2), (j) + (c), (j) + (e), (i) +(h) +(c). 
Combinations (a3) +(al), (a3) + (a2), (a3) + (c), (a3) + (e), (a3) + (h), (c) +(al), 
35 (c) -f (a2), (c) + (c), (c) + (e), (c) + (h) (i) +(al), (i) + (a2), (i) + (c), (i) + (e), (i) 
+(h) +(c) are preferred. 
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Combinations (a3) +(al), (a3) + (a2), (a3) + (c), (a3) + (h), (c) +(al), (c) + (a2), 
(c) + (c), (c) + (h), (i) +(h) +(c) are particularly preferred. 

A variant of particularly preferred combinations includes (a3) +(al) + (c), (a3) + 
(a2) + (c), (a3) + (c) + (c), (a3) + (h) + (c). 

It is understood that the aforementioned combinations are particularly well 
suited for the purification of 1,1,1,33-pentafluorobutane. 

The invention also relates to a purified hydrofluoroalkane, preferably chosen from 
1,1,1,3,3-pentafIuoropropane an( j 1,1,1,3,3-pentafluorobutane, which has a 
hydrofluoroalkene content of less than 30 ppm by weight and preferably less than 
20 ppm. A hydrofluoroalkene content of less than 10 ppm is particularly 
preferred. When the hydrofluoroalkane is l,l,l,3»3-pentafluorobutane, they are 
usually hydrofluoroalkenes of empirical formula C4F4H4, mentioned above. 

The examples which follow are intended to illustrate the present invention 
without, however, limiting its scope. 

Example 1 - Chlorination initiated by electromagnetic radiation, 
comprising at least one fraction of wavelengths less than 280 nm 
750 g of 1,1,1,3,3-pentafluorobutane (HFC-365mfc) containing 709 ppm by 
weight of olefinic impurities including 40 ppm of C4H4F4 hydrofluoroalkenes and 
chlorine were introduced into a tank with a working volume of 0.7 1 equipped 
with an immersion UV emitter of the type Heraeus TQ 150, the power of which 
was 150 W and the arc length of which was 44 mm. This low-pressure mercury 
vapour emitter has broadband emission in the range of UV rays above 190 nm. 
All the internal glassware between the emitter and the 1,1,1,3,3-pentafluorobutane 

was made of quartz. The molar ratio between the chlorine and the olefinic 

1 VI 

impurities was 1.6. The lamp was cooled so as to maintain the 1,1,1,3,3- 
pentafluorobutane at a temperature of 25°C. The medium was stirred by means of 
a magnetic bar. Samples were taken at regular intervals for analysis of the olefinic 
impurity content of the 1,1,1,3,3-pentafluorobutane by gas chromatography. 

The table below shows the change in concentration of the olefins in the 
1,1,1,3,3-pentafluorobutane which was observed after a given period of treatment 
with chlorine in the presence of UV light comprising a fraction of wavelengths 
less than 280 nm. 
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30 min 


lh 


2h 


C4H4F4 content 
(ppm/weight) 


9 


5 


0 


Total content of olefinic 
impurities (ppm/weight) 


83 


18 


0 



Example 2 - Hydrofluorination 

A reactor containing hydrogen fluoride and titanium tetrachloride was fed 
continuously with a 1,1,1,3,3-pentafluorobutane containing 5.8% by weight of 
two trifluorodichlorobutene isomers. The reactor was maintained at a temperature 

5 of about 130°C with continuous stirring. The pressure was adjusted to 22 bar. The 
purified 1,1,1,3,3-pentafluorobutane was removed continuously in the gas phase. 
The content of the first trifluorodichlorobutene isomer in the purified 1,1,1,3,3- 
pentafluorobutane was 0.1% by weight. The content of the second trifluoro- 
dichlorobutene isomer in the purified 1,1,1,3,3-pentafluorobutane was 0.05% by 

10 weight. 

Example 3 - Distillation with removal from the top of the column 
Distillation was carried out in a column packed with 5/8" "pall" rings. 
1,1,1,3,3-Pentafluorobutane containing 94 ppm of 3 saturated chlorofluoro 
organic impurities containing 3 or 4 carbon atoms and 252 ppm of 2 

15 (chloro)fluoro olefins containing 4 carbon atoms was fed in at the level of the 
column which corresponds to 43% of the number of theoretical plates. The 
pressure was 2 bar, the temperature was 60°C and the degree of molar reflux was 
about 4. An amount of purified 1,1,1,3,3-pentafluorobutane corresponding to 84% 
of the feed was removed from the top of the column. This product still contained 

20 6 ppm of a chlorofluoro saturated organic impurity containing 3 carbon atoms. 
The content of the other two saturated impurities was reduced below the 5 ppm 
detection limit. The content of the said 2 (chloro)fluoro olefins containing 4 
carbon atoms in the purified 1,1,1,3,3-pentafluorobutane was reduced to below 
the 5 ppm detection limit. 

25 Example 4 - (comparative) 

The distillation was carried out in the same apparatus as in Example 3. 
1,1,1,3,3-Pentafluorobutane containing 170 ppm of 3 chlorofluoro saturated 
organic impurities containing 3 or 4 carbon atoms and 152 ppm of 2 chlorofluoro 
olefins containing 3 or 4 carbon atoms was fed into the level of the column which 

30 corresponds to 65% of the number of theoretical plates. The pressure was 2 bar, 
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the temperature was 60°C and the degree of molar reflux was about 25. An 
amount of 1,1,1,3,3-pentafluorobutane corresponding to 85% of the feed was 
removed from the bottom of the column. This product contained 170 ppm of the 
said 3 saturated organic impurities and 141 ppm of the said 2 chlorofluoro olefins 
5 containing 4 carbon atoms. 

It appears that the third aspect of the process according to the invention 
allows a fast, efficient and complete purification of olefinic impurities, in 
particular of hydrofluoroalkenes, from the hydrofluoroalkane. No degradation of 
the hydrofluoroalkane HFC-365mfc was observed. 

10 Example 5 — Reagent containing oxygen 

Li 1,1, 1 ,3 ,3-Pentafluorobutane containing 3260 mg/kg of (chloro)fluoro 
olefinic impurities was mixed in the liquid phase with 96% sulphuric acid in a 1:1 
1,1,1,3,3-pentafluorobutane/sulphuric acid ratio by volume. The mixture was 
stirred for 24 h at 40°C. After this period, the recovered 1,1,1,3,3- 

15 pentafluorobutane contained 140 ppm of (chloro)fluoro olefinic impurities. 
Example 6 - Gas-phase reaction 
1,1, 1,3, 3 -Pentafluorobutane with a purity of 99.86% by weight, containing 755 
mg/kg of (chloro)fluoro olefinic impurities, was evaporated at 85°C and fed 
continuously into a reactor, containing a catalyst consisting of 0.5% palladium on 

20 active charcoal. The reactor was also fed continuously with hydrogen. The molar 
ratio between the hydrogen and the 1,1,1,3,3-pentafluorobutane was 5.8xl0~ 3 . The 
reaction temperature was 100°C. The gaseous effluents of the reaction were 
condensed with a water condenser at 5°C and were analysed by GC. They 
consisted of 1,1,1,3,3-pentafluorobutane with a purity of 99.92% by weight, 

25 containing less than 5 mg/kg of (chloro)fluoro olefinic impurities. No degradation 
of the 1,1,1,3,3-pentafluorobutane was observed. 
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CLAIMS 



1 - Process for obtaining a hydrofluoroalkane comprising at least three 
carbon atoms, which is purified of organic impurities including (chloro)fluoro 
olefins, according to which the hydrofluoroalkane containing organic impurities is 
subjected to at least one purification treatment chosen from 

(a) a treatment with chlorine in the presence of a initiator 

(b) a reaction with hydrogen fluoride 

(c) a distillation in which the purified hydrofluoroalkane is removed 
from the top of the distillation column or from the side 

(d) an extractive distillation 

(e) an adsorption onto a solid adsorbent 

(f) a reaction with a compound containing oxygen, and 

(g) a gas-phase reaction with a reagent capable of reacting with at least 
some of the organic impurities, with the exception of a reaction with elemental 
chlorine. 

2 - Process according to Claim 1, in which the hydrofluoroalkane 
containing the olefinic impurities is subjected to a treatment with chlorine in the 
presence of an initiator. 

3 - Process according to Claim 2, in which the hydrofluoroalkane is 
20 chosen from 1,1,1 ,3 ,3-pentafluoropropane and 1,1,1 ,3 ,3-pentafluorobutane. 

4 - Process according to Claim 2 or 3, in which the initiator is an organic 
initiator preferably chosen from peroxide and diazo compounds. 

5 - Process according to Claim 4, characterized in that the organic initiator 
is chosen from peroxide compounds. 

25 6 - Process according to Claim 5, characterized in that the peroxide 

compound is chosen from diacyl peroxides and peroxydicarbonates. 

7 - Process according to any one of Claims 2 to 6, characterized in that the 
initiator is selected from compounds with a half-life of about 1 hour at the 
temperature of the treatment with chlorine. 
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8 - Process according to any one of Claims 2 to 7, characterized in that the 
treatment with chlorine is carried out in the presence of at least about 10 ppm by 
weight of organic initiator relative to the weight of hydrofluoroalkane containing 
the olefinic impurities. 

5 9 - Process according to Claim 2 or 3, in which the initiator is an 

electromagnetic radiation comprising at least one fraction of wavelengths less 
than 280 nm. 

10 - Process according to Claim 9, in which the energy of the fraction of 
wavelengths less than 280 nm is at least 10% of the total energy of the 

10 electromagnetic radiation. 

11 - Process according to Claim 10, in which the energy of the fraction of 
wavelengths less than 280 nm is at least 20% of the total energy of the 
electromagnetic radiation. 

12 - Process according to any one of Claims 9 to 11, in which the 

15 wavelengths in the fraction of wavelengths less than 280 nm are essentially at 
least 170 nm. 

13 - Process according to any one of Claims 9 to 12, in which the molar 
ratio between the chlorine and the sum of the olefinic impurities present is from 1 
to 10. 

20 14 - Process according to any one of Claims 9 to 12, in which the molar 

ratio between the chlorine and the sum of the olefinic impurities present is less 
than 1. 

15 - Process according to claim 2 or 3, in which the initiator is a low 
amount of metal ion, preferably selected from ions of group Ilia, IVa and b, Va 

. 25 and b, VIB and VIII metals. 

16 - Process according to any one of Claims 2 to 15, characterized in that 
the treatment with chlorine is carried out in the liquid phase. 

17 - Process according to Claim 1, in which the hydrofluoroalkane 
containing organic impurities is subjected to a reaction with hydrogen fluoride. 
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18 - Process according to Claim 17, in which the reaction with hydrogen 
fluoride is carried out in the presence of a fluorination catalyst. 

19 - Process according to Claim 17 or 18, in which the reaction with 
hydrogen fluoride is carried out in the liquid phase. 

5 20 - Process according to Claim 18 or 19, in which the fluorination 

catalyst is chosen from compounds of metals from groups Ilia, IVa, IVb, Va, Vb 
and VIb. 

21 - Process according to Claim 17 or 18, in which the reaction with 
hydrogen fluoride is carried out in the gas phase. 

10 22 - Process according to Claim 21, in which the fluorination catalyst is 

based on a metal oxide chosen from chromium oxide, zirconium oxide and 
aluminium oxide, and mixtures thereof. 

23 - Process according to Claim 21 or 22, in which the temperature of the 
reaction with hydrogen fluoride is from 50°C to 400°C. 

15 24 - Process according to any one of Claims 17 to 23, in which a molar 

ratio between the hydrogen fluoride and the olefinic impurities of not more than 3 
is maintained. 

25 - Process according to Claim 1, in which the hydrofluoroalkane 
containing organic impurities is subjected to a distillation and the purified 

20 hydrofluoroalkane is removed from the top of the distillation column or from the 
side. 

26 - Process according to Claim 25, in which the purified 
hydrofluoroalkane is removed from the top of the distillation column. 

27 - Process according to Claim 25, in which the purified 
25 hydrofluoroalkane is removed from the side. 

28 - Process according to any one of Claims 25 to 27, in which the 
distillation pressure is from 0.5 to 10 bar. 
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29 - Process according to any one of Claims 25 to 28, in which the 
temperature at which the distillation is carried out corresponds approximately to 
the boiling point of the hydrofluoroalkane at the chosen pressure. 

30 - Process according to any one of Claims 25 to 29, in which the degree 
5 of molar reflux of the distillation is not more than 20. 

31 - Process according to any one of Claims 25 to 30, in which the feed of 
hydrofluoroalkane containing organic impurities is carried out at a level of from 
5% to 50% of the number of theoretical plates of the column. 

32 - Process according to any one of Claims 25 and 27 to 31, in which the 
10 side removal is carried out at the level which corresponds to from 50% to 80% of 

the total number of theoretical plates of the distillation. 

33 - Process according to Claim 1, in which the purification treatment is 
an extractive distillation. 

34 - Process according to Claim 33, in which the extractive distillation is 
15 carried out in the presence of at least one extractant chosen from (hydro)chloro- 

carbons, (hydro)fluorocarbons, hydrochlorofluorocarbons, hydrocarbons, ketones, 
alcohols, ethers, esters, nitriles, hydrogen chloride and carbon dioxide. 

35 - Process according to Claim 34, in which the extractant is chosen from 
1 ,1,1 ,3,3-pentachlorobutane, l,l-dichloro-l,3,3-trifluorobutane, 1 ,3-dichloro- 

20 1,1,3-trifluorobutane, 3,3-dichloro-l,l,l-trifluorobutane, l-chloro-1,3,3,3- 

tetrafluorobutane and 3-chloro-l,l,3,3-tetrafluorobutane or a mixture of these 
extractants. 

36 - Process according to Claim 1, in which the purification treatment is 
an adsorption onto a solid adsorbent. 

25 37 - Process according to Claim 36, in which the solid adsorbent is chosen 

from aluminas, iron oxides, silicas, zeolites and active charcoals, that are 
optionally activated. 

38 - Process according to Claim 36 or 37, in which the adsorption is 
carried out in the gas phase. 
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39 - Process according to Claim 1, in which the purification treatment is a 
reaction with a compound containing oxygen. 

40 - Process according to Claim 39, in which the compound containing 
oxygen is chosen from oxygen, ozone, hydrogen peroxide, peracetic acid, 

5 potassium permanganate, sulphuric acid and sulphur trioxide. 

41 - Process according to Claim 39, in which the reaction is carried out in 
the presence of a base and the compound containing oxygen is an alcohol. 

42 - Process according to any one of Claims 39 to 41, in which the 
reaction is carried out in the liquid phase. 

43 - Process according to Claim 1, in which the purification treatment is a 
reaction in the gas phase with a reagent capable of reacting with at least some of 
the organic impurities, with the exception of a reaction of elemental chlorine with 
unsaturated impurities under irradiation with UV light with a wavelength of at 
least 280 nm. 

44 - Process according to Claim 43, in which the reagent is chosen from 
chlorine, hydrogen chloride, hydrogen, hydrogen fluoride, oxygen and ozone. 

45 - Process according to Claim 44, in which the reaction is a catalytic 
hydrogenation. 

46 - Process according to any one of Claims 43 to 45, in which the 
20 reaction temperature is not more than 300°C. 

47 - Process according to any one of Claims 43 to 46, comprising an 
operation of placing the 1,1,1,3,3-pentafluorobutane containing organic impurities 
into the gaseous form, the said operation being carried out at a temperature which 
does not exceed the temperature of the gas-phase purification treatment. 

25 48 - Process according to claim 1 which comprises 2, 3 or 4 purification 

steps for removing organic impurities, including at least one purification treatment 
according to any one of claims 2 to 47. 

49 - Process according to any one of Claims 1 to 48, in which the olefinic 
impurities comprise chlorofluoro olefins containing 3 or 4 carbon atoms. 
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50 -Process according to any one of Claims 1 to 49, in which the olefinic 
impurities comprise at least one hydrofluoroalkene. 

51 - Process according to any one of Claims 1 to 50 ? in which the 
hydrofluoroalkane is chosen from 1,1,1, 3,3 ,3-hexafluoropropane (HFC-236fa), 

5 1,1,1,2,3,3,3-heptafluoropropane (HFC-227ea) and 1,1,1,2,3,4,4,5,5,5-deca- 
fluoropentane (HFC-43-10mee). 

52 - Process according to any one of Claims 1 to 51, in which the 
hydrofluoroalkane is 1,1,1,3,3-pentafluorobutane. 

53 - Purified hydrofluoroalkane chosen from 1,1,1,3,3-pentafluoropropane 
10 and 1, 1,1,3,3-pentafluoro-butane, which has a hydrofluoroalkene content of less 

than 30 ppm by weight. 

54 - Purified hydrofluoroalkane according to Claim 53, with a 
hydrofluoroalkene content of less than 20 ppm. 
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